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Introduction: We have developed a thin film template based nanostructure synthesis technique that is applicable for the development of high performance optoelectronic devices on silicon, glass and other planar substrates.  The technique is based on the guided synthesis of nanostructure material inside the pores of a thin film alumina template and is suitable for the fabrication of a variety of semiconductor and metal nanostructures.
Methods and Materials: When aluminum is anodized in an appropriate acidic electrolyte, it oxidizes to form a hydrated aluminum oxide (alumina) containing a two dimensional hexagonal periodic array of cylindrical pores. The anodization parameters can be precisely controlled to form pore diameters between 4 and 100 nm with less than 10% variance in the pore size distribution; pores can be up to several microns in depth. The active material for the nanostructures is formed by electrochemical synthesis or colloidal deposition inside the pores. The in-situ electrochemical synthesis of active materials within the pores has been well investigated by our group as well as a number of other researchers [1], [2]. Some of the species introduced into the bulk nanoporous alumina are:  gold, nickel, iron, CdS, CdTe, ZnS, CdSe, GaAs and ternary semiconductor compounds (CdxZn1-xS). In addition, we are also currently investigating the synthesis of narrow band-gap (e.g. InAs) semiconductors through the electrophoretic deposition of colloidal materials. Since anodized alumina is optically transparent over a wide spectral range and is electrically insulating, it is a perfect embedding material for nanostructure devices for photonic device applications. We are currently using the above template-based technology for the fabrication of a variety of photonic devices including (i) nanostructure-based solar cells, (ii) narrow-band optical detectors and (iii) electro-optic modulators. Nanostructure solar cells have the potential to provide very large energy conversion efficiencies. The nanostructure based optical detectors are expected to show selectively in narrow spectral bands with high sensitivity and efficiency. The electro-optic modulators are expected to show improved performance due to the quantum confined Franz-Keldysh effect and the quantum confined Stark effect.
Results: We have synthesized a variety of metal and semiconductor nanostructures using this technique. Field Emission SEM image of CdS quantum wires fabricated by this method is shown in Figure 1. Photoluminescence (PL) spectra from the nanowires at 10K is shown in Figure 2. The large PL peak is believed to be from impurity bound excitons and the intensity was observed to be very bright.
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Figure 2. Photoluminescence spectra from the CdS nanowires





Figure 1. Field Emission SEM image of CdS nanowires of 40 nm average diameter.
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